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Properties of Solidified/Stabilized Chromium Contaminated Soil
Beth C. Flemingl
M. John Cullinane, Jr., PE, PhD z

Abstract
Solidification/stabilization (S/S) of chromium contaminated soils
is influenced by the oxidation state of the chromium. The sum of the
hexavalent chromium and trivalent chromium represent the total chromium
concentration which is used to determine whether the soil meets the
criteria for chromium in the Toxicity Characteristic Leaching Procedure
(TCLP) or whether the levels of chromium in applicable extractions are
below the drinking water standard.
Hexavalent chromium is the more
mobile form of chromium and also the more toxic.
Seven vendors and the U.S. Army Engineer Waterways Experiment
Station (WES) evaluated SIS treatment of chromium contaminated soils
collected from a Superfund site.
Physical and chemical tests were
conducted on the untreated and treated soils to determine the
effectiveness of SIS treatment. Physical tests were conducted by the
WES and included the unconfined compressive strength (UCS) , wet/dry
durability, permeability, moisture content, Atterbery limits, Proctor
density, bulk density, specific gravity, slump, cracking, bleed water,
and resistance to penetration.
Chemical tests conducted on the
untreated and treated soils included the Toxicity Characteristic
Leaching Procedure (TCLP), one extraction of the Monofilled Waste
Extraction Procedure (MWEP-l), and bulk chemistry analyses.
The
chemical extractions and bulk chemistry analyses were conducted by
personnel from Radian, Inc.
The physical handling properties of the
generally improved by process application of

treated soils were
the SIS materials.

lChemical Engineer, Water Supply and Waste Treatment Group, U.S. Army
Engineer Waterways Experiment Station,
3909 Halls Ferry Road,
Vicksburg, MS 39180-6199
ZResearch Civil Engineer, Water Supply and Waste Treatment Group, U.S.
Army Engineer Waterways Experiment Station, 3909 Halls Ferry Road,
Vicksburg, MS 39180-6199
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However, the chemical properties were not always improved.
The TCLP
concentrations of hexavalent chromium and trivalent chromium were
sometimes increased by SIS processes.
The MWEP-l concentrations of
hexavalent chromium and trivalent chromium were decreased by
application of SIS processes.
Introduction
The U.S. Army Engineer Waterways Experiment Station (WES) and
seven vendors performed a bench-scale evaluation of SIS technology on
soils collected from a Superfund site. The source of contamination was
chrome plating operations which had been conducted at the site for a
period of 25 years.
Total soil chromium concentrations up to 17,000
mg/kg had been identified during the remedial investigation (RI).
Study Objectives
The objectives of the bench-scale SIS evaluation were to improve
the physical handling properties of the soils, to determine whether
hexavalent chromium could be reduced to trivalent chromium, and to
reduce the mobility of hexavalent chromium and trivalent chromium in
the soils.
One extraction of the MWEP-l and the TCLP were used to
determine whether the mobility of hexavalent chromium and total
chromium had been reduced.
The unconfined compressive strength UCS,
wet/dry durability, permeability, Proctor density, bulk density, slump,
specific gravity, moisture content, cracking, bleed water, and
resistance to penetration were used to measure the effectiveness of SIS
for improving the physical properties of the soils. The specific goals
of the study were:
Reduce hexavalent chromium to trivalent chromium and then
reduce the mobility of trivalent chromium.
Total chromium concentrations in the MWEP-l should not exceed
0.05 mg/L.
Total chromium concentrations in the TCLP extracts should not
exceed 5.0 mg/L.
The treated soils should have a minimum UCS of 50 psi.
Specimen Preparation
In general, the specimens were prepared for each formulation using
the same procedures.
The types and volumes of binder, water, and
reducing agents were added at the vendor's direction. The same basic
mixing procedure was used for all processes.
Variations were a
function of whether the vendor used a two or three component mix.
Specimens were prepared by adding SIS materials to the soils and
m1x1ng in a Hobart H600T mixer.
The mixture was mixed for five
minutes, the container scraped to remove materials adhering to the
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sides, and mixed an additional five minutes.
Immediately after the
mixing process was complete, a slump test was performed according to
ASTM method C 143 (ASTM 1986) on the soil/waterfbinder/reducing agent
mixture. The remaining soil/waterfbinder/ reducing agent mixture was
poured into the appropriate molds for physical and chemical testing.
The mixtures were vibrated on a Sentron model VP61Dl vibration table
or tamped using a Model CT - 25A tamper accord-ing to ASTM method C 109
(ASTM 1986) to aid in removal of voids.
The molded specimens were placed in a temperature and humidity
controlled environmental chamber for a minimum of 24 hours until the
SIS specimens showed sufficient strength to be free standing and then
removed from the molds.
The specimens were replaced in the
environmental chambers to cure for a minimum of 28 days.

The UCS, permeability, and wet/dry durability were used to determine the effectiveness of the SIS process in improving the physical
properties of the soils . The remaining physical tests were used to
characterize the treated soils. This paper focuses on the UCS results
which were conducted according to ASTM method D 2166 (ASTM 1986).
The TCLP and MWEP-l were used to determine the effectiveness of
reduction of hexavalent chromium to trivalent chromium and whether the
mobility of hexavalent chromium and trivalent chromium had been
reduced . The TCLP extractions were performed according to methods in
the Federal Register (USEPA 1990) and specified in SW- 846 (USEPA 1986) .
The MWEP-l extractions were performed according to methods described
in the u.s . Environmental Protection Agency (USEPA) Technical Resource
Document SW-924 (USEPA 1984) .
All extractions were performed by
Radian , Inc.
Discussion of Results
UCS Results
With the exception of Process I, all UCS results were greater than
the 50 psi goal, a value selected based on information found in the
U.S. Environmental Protection Agency Office of Solid Waste and
Emergency Response (OSWER) Policy Directive 9487.00-2A (USEPA 1986).
Bulk Chemistry Analysis
The results of bulk chemistry analyses of the untreated and
treated soils are presented in Table 1. In order to account for the
effects of dilution due to the addition of materials to the soils , a
normalized concentration, accounting for those additions, is also
presented.
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TCLP Results

The results of the TCLP extractions for the untreated and treated
soils for hexavalent chromium and trivalent chromium are presented in
Figures 1 and 2, respectively. The concentrations are plotted against
pH to illustrate the effects pH can have on the solubility of chromium
and reduction of hexavalent chromium to trivalent chromium. Reduction
of hexavalent chromium to trivalent chromium is more likely at acidic
pH (Battelle 1988) . Accordingly, the chromium present in the extracts
with the highest pH was in the hexavalent form.
The remaining
processess appeared to reduce hexavalent chromium to
trivalent
chromium. All of the treated and untreated soils had concentrations
of total chromium less than 5.0 mg/ L. The total chromium concentration
in the TCLP extracts from Processes 1, 5, 7, and 8 were higher than in
the extracts from the untreated soil.
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Table 1
Bulk Chemistry and Normalization for Treated and Untreated Soil
Mean
Total Cr
Process
(mg i kg}
Untreated
1567
1
1090
2
1000
3
790
4
963
787
5
6
1077
7
1147
8
643

Norm. Mean
Total Cr
(mgikg}
1277
1268
1147
1436
1297
1438
1710
1082

Mean
Cr(VI)
(mgikg}
32 . 0
0 . 075
2.0
3.5
4 .5
3.6
3.6
3.2
0 . 086

Norm . Mean
Cr(VI )
(mgikg}
0 . 088
2.5
5.1
6.3
6.6
4.8
4.8
0 . 10

MWEP-l Results
The criterion for chromium in the MWEP-l is 0 . 05 mg/L based on
the drinking water standard for total chromium. The results of th e
MWEP-l extractions for untreated and treated soils for hexavalent
chromium and trivalent chromium are presented in Figures 3 and 4,
respectively. The concentrations are plotted against pH . However ,
the trends associated with pH are not as noticeable in the MWEP-l
extracts as they were in the TCLP results. The pH values are in the
range of 10 to 12 for all treated soils but show significantly
different concentrations of hexavalent chromium in the extract s.
Processes 1 and 8 reduced hexavalent chromium to trivalent chromium .
The untreated soils and remaining treated soils had hexavalent
chromium as the major contributor to total chromium present in the
MWEP-l extracts. None of the treated or untreated soils had total
chromium concentrations in the MWEP-l extracts less than 0.05 mg/L.
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Conclusions
Based on the evaluation, the. following conclusions can be
drawn:
•
Binders can be added to the soil to produce UCS values
greater than 50 psi.
• Untreated and treated specimens passed the TCLP criteria of
5.0 mg/L .
•
Neither untreated nor treated specimens passed the MWEP-l
criteria of 0 . 05 mg/L .
•
Hexavalent chromium can be reduced to trivalent chromium by
the addition of reducing agents.
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